Probe A — A oscillation in J /if) AA decay at BES-III 
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We discuss the possible searching for the A— A oscillation by coherent AA production in J/tp — > AA 
decay process. The sensitivity of measurement of A — A oscillation in the external field at BES-III 
experiment is considered. These considerations indicate an alternative way to probe the AB — 
2 amplitude in addition to neutron oscillation experiments. Both coherent and time-dependent 
information can be used to extract A — A oscillation parameter. With one year's luminosity at 
BES-III, we can set an upper limit of 8m < 1CP 15 MeV at 90% confidence level, corresponding to 
about 1CP 6 s of A — A oscillation time. 



o : 

<N ■ 

o : 

<D ■ 

Q: 

in ■ 
S : 

> ' 

in : 

oo ■ 
(N ; 

00 ■ 

o : 
o : 



X 



PACS numbers: 11.30.Fs, 12.60.Cn, 14.20.Jn 

One of the open questions in fundamental particle 
physics is to look for baryon number violation in 
nature [J, Q, which is key point to understand the 
observed matter anti-matter asymmetry. There are a 
few reasons to believe that baryon number symmetry 
may not be exact symmetry. This is because of the 
three conditions for generating this asymmetry pointed 
out originally by Sakharov in 1967 Q: (a) existence of 
CP-violation; (b)baryon number violating interactions, 
and (c) the presence of out of thermal equilibrium 
conditions in early universe. If indeed such interactions 
are there, the important question is how one can observe 
them in experiments. In 1980, it was pointed out 
by Marshak Q that a crucial test of baryon number 
violation is neutron-antineutron (N — N) oscillation. 
After this proposal was made, many experiments had 
been carried out for searching N — N oscillation Q . The 
last experiment in the free neutron system at the ILL 
sets an upper limit of 8.6 x 10 7 s (90% confidence level) 
on the oscillation time [f|. 

It is worth noting that if N — N oscillation exists, then 
A — A oscillation can take place as well as indicated in 
Fig. [TJ which was firstly proposed by K.-B. Luk Q. In 
this paper, we would like to consider the phenomenol- 
ogy of A — A oscillation for both free A and effect of an 
external field on A baryon, in particular, the effect of 
an external magnetic field on the opposite magnetic mo- 
ments of A and A. Moreover, we firstly propose to search 
for the A — A oscillation in the coherent production in 
J/ip — > AA decay. We discuss the observable for both 
time-dependent and time- independent correlated produc- 
tion rate. 

The time evolution of the A — A oscillation is described 
by the Schrodingcr-like equation as 
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dt \A(t) 



where the M matrix is Hermitian and defined as 
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FIG. 1: Demonstration of A — A oscillation induced by n 
n oscillation as proposed in Ref. 0]. 



Here 5m is the AB = 2 transition mass between A and A, 
m\ {m-x) is the mass of A (A) baryon, and AE\ = —jl^-B 
and AE 



A 



~Px ■ B are energy split due to external 
field B. /i A -r is magnetic moment of A, /i\ = —jJirr = 
-0.613^. (fj, N = 3.152 x 10- 14 AfeV • T" 1 is nuclear 
magneton.) 

For produced unbound A propagating in vacuum with- 
out external field, both AE\ and AE-^ equal to zero. 
CPT invariancc imposes m\ = mj and AE^ = —AEr^- 
The equality of the off-diagonal elements follows from 
CP invariance. The two eigenstates \Ajj) and \Al) of 
the effective Hamiltonian matrix M are given by 
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\A H ) = — (vT+z|A) + vT^IA)), 



\A L ) = —(VT^\A) - VT+ z\A)) , (3) 



where z 
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\AEnr\ and Am = 



ma — m L = 2y (AE) 2 + 5m 2 A — with mjj (mi) denoting 
the mass of "heavy (H)" A H ("light (L)" A L ) baryon. In 
the absence of external field, one has AE = 0, thus one 



gets z — 0. While assuming that 5m 



AA 



5m n n for the 

first order, we have 5m A x < 10~ 23 eV. It indicates that 
an external field will make Am 3> 5m, as a result we 
have z — > 1. 

From Eq. ([3]), the corresponding eigenvalues are 



Xa h = m A + ^J(AE) 2 +5m 2 AT: 
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Thus, starting with a beam of A, the probability of gen- 
erating a A after time t, P(A,t), is described by the fol- 
lowing equation 



T(A,t) 



sin 2 (,/<5m2_+(A£02.t). (6) 



For free A, we have AE = 0, and Eq. (JB|) becomes 
V(K,t) = sin 2 (<5?7i AX -t). 



(7) 



Hereafter, we consider the possible search of A — A os- 
cillation in the J/ip —> AA decay, in which the coherent 
A A events are generated with strong boost. Here we as- 
sume that possible strong multiquark effects that involve 
seaquarks play no role in J/ip — > A A decays Q . The am- 
plitude for J/tp decaying to AA is (AA\H\J/ip), and the 
A A pair system is in a state with charge parity C = — 1, 
which can be defined as 

\AA) c =-i= Xl -L[\A)\A)-\A)\A)} , (8) 

where xi is the symmetric spin triplet and will be sup- 
pressed since it does not affect our calculations [§]. 

We shall analyze the time-evolution of AA system pro- 
duced in J I tjj decay. Following the J/ip — > AA decay, the 
A and A will go separately and the proper-time evolution 
of the particle states |A p j lys (t)) and |A p j lys (t)) are given 
by 



wave function of A A system with C = — 1 can be written 
as 

\AA{ti,t 2 )) = -^=[|A phys (ki,ti))|A phys (k 2 ,t 2 )) 

" |A phys (k 1 ,t 1 ))|A phys (k 2 ,t 2 ))], (13) 

where ki and k 2 are the three-momentum vector of the 
two A baryons. We now consider decays of these corre- 
lated system into various final states. The amplitude of 
such joint decays, one A decaying to a final state /i at 
proper time ti, and the other A to f 2 at proper time t 2 , 
is given by 

A(J/il> -> A phys A phys -> hf 2 ) = -j= x 

{[ff+(t 1 )fl-(ta)-5-(ti)fl+(*3)]o2- 
[s + (*i)fl+(*a) - fl-(ti)fl_(*a)]ai}, (14) 

where 

a x = A fl A f2 - A fl A h = A h A h {X h - X h ), 
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AA h A h + A h A h ) - Vl-z 2 (A fl A h - A h A h ) 
A h A h [z(X f2 + X h )- y/l-z*(l - X fl X h )] , (15) 



with A fi = (fi\n\A), A u = (fi\U\A) (i = 1,2), and 
define 



_ (fj\H\A) = A h 
~ (W\A) H 



(16) 



IVysW) = (.9+W + zg-(t)\A) + Vl - z 2 g-(t)\A), 

lAphysW) = {zg-(t) <?+(*))! A) - vT^ fl _(t)|A>, 



where 



(9) 



g± = I( e -™«*-3 r Ht ± e -im L t-tr L t^ (10) 



with definitions 



, Am = man — niL , 



r = TL t TH , Ar^r g -r L , 



(ii) 



Note that here, Am is positive by definition, while the 
sign of Ar is to be determined by experiments. 

In practice, one define the following oscillation param- 
eters in a similar fashion as in neutral B and D mixing 
cases: 



At 



AT 



r ' VA 2T 



(12) 



Then we consider a AA pair in J/ip decay with defi- 
nite charge-conjugation eigenvalue. The time-dependent 



(W\A) 



A-r 



U (W\A) A-, 



(17) 



In the process e + e — > J/ip — > AA, the AA pairs 
are strongly boosted, so that the decay-time difference 
(t=Ai_ = {t 2 -h)) between A phys /i and A phys f 2 
can be measured easily. From Eq. ([H)l. one can derive 
the general expression for the time-dependent decay rate 

gW ^ A phy S Aphy S -> hh) = A ^_ F | t| ^ 
dt 

[{\ai\ 2 + |a 2 | 2 )cosh( y ri) + (| ai | 2 - |a 2 | 2 )cos(xrt) 
+27ee(aia 2 )sinh(yrt) + 2Xm(a 1 al)sia(xTt)], (18) 

where Af is a common normalization factor. In Eq. (| 18() . 
terms proportional to |ai| 2 arc associated with decays 
that occur without any net oscillation, while terms pro- 
portional to | a,2 1 2 are associated with decays following a 
net oscillation. The other terms are associated with the 
interference between these two cases. In the following 
discussion, we define 

R(h, h; t) ^ ^ m ~* WW -> ^) (19) 
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For a given state /1/2 = (pir~)(pn~), we have ax = 
and 02 = 2A pn - A p7T - ■ Thus one can write R(piT~ , pir~ ; t) 
as 

R(pir-, P Tr~;t) = .A/-e _r|t| |a 2 | 2 [cosh(yri) - cos(atfY)]. 

(20) 

At BES-III experiment, the external magnetic field is 
about 1.0 Tesla, in which case, AE ~ 2x 10 -11 MeV, 
thus z ~ 1. Taking into account that |A|, |A| -C 1 and 
%A, DA "C 1 and z — > 1.0, expanding the time-dependent 
for a;t, yt up to order x\, and y A with neglecting CP 
violation in the expressions, we can write Eq. ([20]) as 



R(pn-,pn-;t)=Me-^M P ^\ 2 \A^-\ 2 ^^(Tt)\ 

(21) 

For^/1/2 = (pir~)(pTr + ), we have a\ = A^ T -Ap 7V +{\ - 
\it-\)tt+) and a 2 = A p „-Ap„+(1 + A p7r - Ap ff +). Thus 
time-dependent decay rate can be expressed as 

R(pn-,pn+;t) = A^e" 1 ^ | ^ | 2 | A p7r - | 2 (1 + yR) 

a ^e- r l*l|V-| 2 IV-| 2 - (22) 
We define the following observable 

= R(pn~ ,pn~;t)+ R(pn + , p7r+ ; t) 
U ~ R{pTT-,pTT+-t) + R(pK+,pK~;t) 1 J 

Combining Eqs. ([21]) and (|22|) . one obtains 



(24) 



^ = 2^-1 



2 + Ua (y^ 2 



For completeness, we derive general expressions for 
time-integrated decay rates into a pair of final states /1 
and / 2 



1 



RUuh) = i AA[(|a 1 | 2 + |a 2 | 2 ) T 



1 



+ (K| 2 -|a 2 | 2 ) 



1 + x 1 



(25) 



At last, the ratio of two probabilities mentioned above can 
be rewritten as 

n = R (p^'P n ~) + R (p n+ >P n+ ) = 2 i A ^_ 12. 2 + y2 y 

R(pir~ ,pir + ) + R(pir + ,pir~) prr 

(26) 

If there is no external field and the A is free, we have 
z = 0, Eq. (HU) becomes 

n{t) = 1 4 + yi (ri)2; (27) 

and the time-independent ratio in Eq. (|26[) becomes 

^= ^i±^i . (28) 



We assume that y = 0, thus Eq. (|28|) can be written as 
n^x\/2 = 28m 2 /r 2 . 

In experiment at BES-III, about 10 x 10 9 J/V^ and 
3 x 10 9 ijj{2S) data samples can be collected per year's 
running according to the designed luminosity of BEPCII 
in Beijing [ijj EH. Assuming that no signal events of 
J/tp — > AhAl — > (j>Tr~)(pir~) or (p7r + )(p7r + ) are ob- 
served, we can set an upper limit of 8m < 10~ 15 MeV 
at 90% confidence level. It will be the first search of 
A — A oscillation experimentally. In the future, at the 
next generation of r-charm factory with 10 35 luminosity, 
the expected sensitivity of measurement of A — A oscilla- 
tion would be 8m < 10~ 17 MeV at 90% confidence level. 

It is known that one has to fit the proper-time distri- 
bution as described in Eq. (f2"4")l in experiments to extract 
the A oscillation parameters. At a symmetric ip factory, 
namely, the J/tp is at rest in the Central-Mass (CM) 
frame. Then, the proper-time interval between the two 
A baryons is calculated as 



At = (r A - rx) 



c|P| 



(29) 



where r\ and r-r are A and A decay length, respectively, 
and P is the three-momentum vector of A. Since the 
momentum can be calculated with J/ tjj decay in the CM 
frame, all the joint AA decays in this paper can be used 
to study A — A oscillation in the symmetric J/tp factory. 

The average decay length of the A baryon in the rest 
frame of J/ip is cr A x (/3 7 ) A « 7.6 cm. At BES-III, 
the impact parameter resolution of main draft chamber, 
which are directly related to decay vertex resolution of A, 
are described in Ref . [l(| , from which we can get that the 
resolution for the reconstructed A decay length should be 
less than 200/im within the coverage of the detector. This 
means BES-III detector is good enough to separate the 
two A decay vertices, so that the oscillation parameters 
can be measured by using time information. 

In conclusion, if N — N oscillation exists, then it would 
be possible to induce A — A oscillation. We suggest that 
the coherent AA events from the decay of J/tp — > AA 
can be used to search for possible A — A oscillation. The 
A baryons from the J/tp decay are strongly boosted, so 
that it will offer the possibility to measure the proper- 
time interval At between the fully reconstructed A and 
A. Both coherent and time-dependent information can 
be used to extract A — A oscillation parameter. With one 
year's luminosity at BES-III, we can set an upper limit 
of 8m < 10~ 15 MeV at 90% confidence level, correspond- 
ing to about 10~ 6 sofA — A oscillation time. It will 
be the first search of A — A oscillation experimentally. 
It is important to note that both A baryon decays can 
be fully reconstructed without dilution from background 
since second decay vertex of A, particle identification will 
strongly suppress backgrounds. The BES-III experiment 
is collecting data at J/ip peak now, and we expect to see 
the first result of A — A oscillation sooner. The next gen- 
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cration of r-charm factory will be important to search 
for this kind of new physics. Finally, we have to address 
that the shorter mean life of A can significantly hamper 
a sensitive search for the A — A oscillation as stated in 
Ref 0. 
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